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Paragraph 0002: 
[Conventional technology] 
(Example 1 of the prior art) 

A conventional Mach-Zender interferometer waveguide type optical 
multiplexer/demultiplexer applying the principle of Mach-Zender interferometer (hereinafter 
referred to as optical multiplexer/demultiplexer) is constituted as shown in Figure 4(a). More 
specifically, the optical multiplexer/demultiplexer comprises two directional couplers 28 and 29 
whose coupling ratio of light intensity is k (X) and a phase difference assing part 32 which 
includes waveguides 30 and 31 whose lengths differ only by AL 2 . The optical 
multiplexer/demultiplexer is adapted such that when light of wavelengths X\ and X 2 are input into 
an input port 25 in one end of the waveguide, light of wavelength Xi is obtained from a passing 
port 27 in the other end, and light of wavelength X 2 is obtained from coupling port 26 in the other 
end. 

Paragraph 0007: 

(Reference literature 1: Institute of Electronics, Information and Communication 
Engineers collected papers C-I Vol. J73-C-I No.5 pp.354-359 May 1990 ) 
(Example 2 of the prior art) 

A passing wavelength range and a blocking wavelength range of the optical 
multiplexer/demultiplexer described in example 1 of the prior art is narrow, and enlarging the 
ranges was needed to make it practicable. Consequently, an optical multiplexer/demultiplexer 
shown in Figure 5 has been developed. 

(Reference literature 2: T. Kominato et al ; Optical multi/demultiplexer with a modified 
Mach-Zender interferometer configuration ; OEC'94, Technical digest pp. 174- 175 , July 12- 
15, 1994) 

The point of the optical multiplexer/demultiplexer of the example 2 of the prior art 
(shown in Figure 5) is that the directional coupler is replaced with a Mach-Zender interferometer 
type optical multiplexer/demultiplexer and that in addition to wavelength X\ in conventional 
example 1, wavelength X, 3 is transmitted by using the multiplexing/demultiplexing feature of the 
replaced Mach-Zender interferometer type optical multiplexer/demultiplexer (hereinafter 
abbreviated to as a daughter MZ multiplexer/demultiplexer). As shown in Figure 5 (a), the 
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construction of the conventional example 2 includes a daughter MZ multiplexer/demultiplexer 
which comprises a phase difference adding part 44 including waveguides 42 and 43 whose 
lengths differ by ALi and directional couplers 38 and 39 with a coupling ratio k (X), and another 
daughter MZ multiplexer/demultiplexer which comprises a phase difference adding part 50 
including waveguides 48 and 49 whose lengths differ by ALi and directional couplers 40 and 41 
with a coupling ratio k (X), and these daughter MZ multiplex ers/demultiplexers are arranged 
upside down with each other and are connected by waveguides 45 and 46 whose lengths differ 
by AL 2 . 

Paragraph 0008: 

In this multiplexer/demultiplexer, assuming that P 2 _ 3 is the transmission ratio of the light 
passing from the input port 35 to the passing port 37, and P 2 - 4 is the optical coupling ratio of the 
light passing from the input port 35 to the passing port 36, following equations are is formed. 

P 2 - 4 ={1 - 2 • Pc(X)} 2 +4 • Pc(X) • {1 -Pc(X)} • sin 2 {neff(X) • n • AL 2 /X} (10) 

P 2 . 3 =4 • {1 -Pc(A)} • Pc(X) • cos 2 (neff(X) • n • AL 2 /X] (11) 

Pc(X)=4 • {1 -k(X)} • k(X) • cos 2 (nefF(X) • n • AU/X) (13) 

Here, AL 2 is determined from equations (5), (6) and (7) in the same way as the 
conventional example 1 . 

Paragraph 0009: 

Here, the coupling ratio k (X) of the directional couplers and the waveguide optical 
length difference ALi of the phase difference adding part are obtained by the following equations 
(14) and (15). 

neff (X) • ALi =(Ni±0.5) • X 2 /2=N { • X 3 /2 (14) 

k(X 2 )=0.5 (15) 

Here, Ni is an integer, and X 3 is a wavelength close to wavelength X L 
Paragraph 0032: 

Figure 12 shows how phase change of the light output from range 1 changes by launching 
into range 2. Here, regarding the phase, only the difference between waveguide 71 and 72 need 
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to be considered for lights incoming concurrently. Consequently, it is assumed that light with an 
electric-field amplitude Ei and an phase 61 - 6 2 is input into waveguide 71, and light with an 
electric-field amplitude E 2 and phase 0 is input into waveguide 72. In region, the electric-field 
amplitude of the input light does not change, and only the phase changes. An optical phase of 
the light output from waveguide 71 is 9i - 6 2 + P(X) • AL 2 , and an optical phase of the light 
outputted from waveguide 72 is zero. Here, from the conditional equations (3) and (4), it is 
understood that P(A,i) • AL 2 =(2 • N 2 ±l) • % when the wavelength is X h and P(A, 2 ) • AL 2 =2 • N 2 
• 71 when the wavelength is X 2 . Figure 13 is an explanation drawing in relation to how the 
wavelength ^1 output from region 2 launches into region 3 and is output the passing port. Here, 
detailed explanation is omitted, but (<p 2 - (pi) - (61 - 9 2 ) = - n at wavelength X\. Hence, the 
following equation is composed. 

Ei • exp[-j • {6 1 -e 2 +P(X 1 )-AL}] =E a • exp[-j • 6 2 +(2-N 2 ±l) • n}] 

=E 1 • exp[-j • {6 1 -0 2 ±7i}] 

=E X • exp[-j • (cp 2 -q>i)] 

=E X • expO • (cpi-92)] 

Paraaraph 0046 



[Brief description of the drawings] 



Figure 4 illustrates an example of prior art, Figure 4(a) is a plain view of a conventional 
optical multiplexer/demultiplexer, and Figure 4(b) is a graph of a loss wavelength characteristic. 

Figure 5 illustrates another example of prior art, Figure 5(a) is a plain view of another 
conventional optical multiplexer/demultiplexer, and Figure 5(b) is a graph of another loss 
wavelength characteristic. 



Figure 10 is an explanation drawing for the function of the present invention. 



Figure 12 is an explanation drawing for the function of the present invention. 
Figure 13 is an explanation drawing for the function of the present invention. 
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[Explanation of references] 

1 substrate 

2 and 3 waveguide 
4 cladding 

5, 6, 7 and 8 directional optical coupler 

9, 10, 12, 13, 15 and 16 waveguide 

11, 14 and 17 phase difference adding part 

18 input port 

19 passing port 

20 coupling port 
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As for Wavelength X\ 

■ &L2-{2 - m±\) - k 
As for Wavelength X 2 

ff(Xz) ■ AL2=2 - N2 - r 



FIG. 12 
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FIG. 13 



